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Castro, Leyla Jael Garcia; Berlanga, Rafael; Rebholz-Schuhmann, Dietrich; Garcia, Alexander
Abstract: Abstract. The core information from scientific publications is encoded in natural language text
and monolithic documents; therefore it is not well integrated with other structured and unstructured data
resources. The text format requires additional processing to semantically interlink the publications and
to finally reach interoperability of contained data. Data infrastructures such as the Linked Open Data
initiative based on the Resource Description Framework support the connectivity of data from scientific
publications once the identification of concepts and relations has been achieved, and the content has
been interconnected semantically. In this manuscript we produce and analyze the semantic annotations
in scientific articles to investigate on the interconnectivity across the articles. In our initial experiment
based on articles from PubMed Central we demonstrate the means and the results leading to the inter-
connectivity using annotations of Medical Subject Headings concepts, Unified Medical Language System
terms, and semantic abstractions of relations. We conclude that the different methods would contribute
to different types of relatedness between articles that could be later used in recommendation systems
based on semantic links across a network of scientific publications.
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p
li
ed
. 
S
im
il
ar
 t
o
 t
h
e 
co
n
n
ec
ti
o
n
s 
fr
o
m
 M
eS
H
 t
er
m
s,
 
P
M
C
1
3
0
9
6
6
, 
P
M
C
1
4
8
8
7
7
2
, 
an
d
 
P
M
C
2
7
0
9
9
2
1
 
sh
ap
ed
 
an
 
in
d
ep
en
d
en
t 
cl
u
st
er
. 
H
o
w
ev
er
 
in
 
th
is
 
o
cc
as
io
n
 
P
M
C
1
4
8
8
7
7
2
 
is
 
al
so
 
co
n
n
ec
te
d
 
to
 
P
M
C
2
0
3
1
8
7
7
, 
th
e 
co
n
n
ec
ti
o
n
s 
co
m
e 
fr
o
m
 t
h
e 
co
n
ce
p
t 
“m
o
d
el
”.
 T
h
e 
re
st
 o
f 
th
e 
ar
ti
cl
es
 a
re
 g
ro
u
p
ed
 i
n
 a
 
se
co
n
d
 
cl
u
st
er
; 
th
er
e 
P
M
C
2
6
8
7
4
2
5
 
is
 
co
n
n
ec
te
d
 
to
 
al
l 
th
e 
o
th
er
 
ar
ti
cl
es
 
b
u
t 
P
M
C
2
0
3
1
8
7
7
, 
sa
m
e 
as
 
it
 
h
ap
p
en
s 
in
 
B
io
te
a.
 
S
am
e 
as
 
it
 
h
ap
p
en
ed
 
in
 
P
u
b
M
ed
, 
P
M
C
3
0
2
2
7
7
4
 i
s 
n
o
t 
co
n
n
ec
te
d
 t
o
 e
it
h
er
 P
M
C
2
0
3
1
8
7
7
 o
r 
P
M
C
2
5
1
9
1
6
4
. 
D
if
fe
re
n
t 
as
 
it
 
h
ap
p
en
ed
 
fr
o
m
 
M
eS
H
 
co
n
n
ec
ti
o
n
s,
 
th
is
 
ti
m
e 
P
M
C
2
6
8
7
4
2
5
 
is
 
co
n
n
ec
te
d
 
to
 
P
M
C
2
0
3
1
8
7
7
 (
in
d
ee
d
 t
h
e 
fo
rm
er
 c
it
es
 t
h
e 
la
tt
er
).
 F
ig
. 
5
b
 s
h
o
w
s 
th
e 
sa
m
e 
re
la
ti
o
n
s 
b
u
t 
w
it
h
 a
 r
el
at
io
n
-b
as
ed
 f
il
te
r 
ap
p
li
ed
. 
F
ro
m
 t
h
e 
ex
tr
ac
te
d
 a
b
st
ra
ct
 r
el
at
io
n
s,
 w
e 
ch
o
se
 
o
n
e 
“d
is
ch
ar
g
e”
 t
h
at
 t
ak
es
 s
u
b
je
ct
s 
fr
o
m
 t
h
e 
U
M
L
S
 s
em
an
ti
c 
ty
p
e 
T
0
0
1
[L
IV
B
] 
an
d
 
o
b
je
ct
s 
fr
o
m
 T
0
6
1
[P
R
O
C
].
 F
o
r 
P
M
C
1
5
7
0
1
4
5
 a
n
d
 P
M
C
3
0
0
8
6
9
0
 n
o
 a
n
n
o
ta
ti
o
n
 w
it
h
 a
 
se
m
an
ti
c 
ty
p
e 
T
0
0
1
 w
as
 f
o
u
n
d
. 
 
 
F
ig
. 
5
. 
a)
 C
o
n
n
ec
ti
o
n
s 
b
et
w
ee
n
 a
rt
ic
le
s 
b
as
ed
 o
n
 U
M
L
S
 c
o
n
ce
p
ts
 f
ro
m
 C
M
A
. 
b
) 
C
o
n
n
ec
ti
o
n
s 
b
et
w
ee
n
 a
rt
ic
le
s 
b
as
ed
 o
n
 U
M
L
S
 c
o
n
ce
p
ts
 f
ro
m
 C
M
A
 w
it
h
 a
 r
el
at
io
n
-b
as
ed
 f
il
te
r 
ap
p
li
ed
. 
F
in
al
ly
, 
w
e 
an
al
y
ze
d
 t
h
e 
se
n
te
n
ce
s 
w
h
er
e 
C
U
Is
 w
er
e 
id
en
ti
fi
ed
 o
n
ly
 f
o
r 
ei
th
er
 t
h
e 
su
b
je
ct
 o
r 
th
e 
o
b
je
ct
, 
o
r 
n
o
n
e 
o
f 
th
em
 a
t 
al
l,
 i
.e
.,
 f
o
r 
8
5
5
 o
f 
2
0
8
8
 r
et
ri
ev
ed
 s
en
te
n
ce
s 
b
y
 R
eV
er
b
. 
A
s 
il
lu
st
ra
te
d
 i
n
 F
o
rm
u
la
 1
, 
w
e 
p
ar
ti
ti
o
n
ed
 t
h
es
e 
9
7
5
 s
en
te
n
ce
s 
in
 t
h
re
e 
se
ts
: 
(i
) 
th
e 
se
t 
A
 –
C
U
Is
 f
o
r 
su
b
je
ct
 a
n
d
 o
b
je
ct
, 
w
it
h
 3
3
9
 s
en
te
n
ce
s,
 (
ii
) 
th
e 
se
t 
B
 –
C
U
Is
 f
o
r 
ei
th
er
 t
h
e 
su
b
je
ct
 o
r 
th
e 
o
b
je
ct
, 
w
it
h
 4
8
7
 s
en
te
n
ce
s;
 a
n
d
 (
ii
i)
 t
h
e 
se
t 
C
 –
n
o
 
C
U
I 
id
en
ti
fi
ed
, 
w
it
h
 2
9
 s
en
te
n
ce
s.
 F
ro
m
 t
h
e 
re
la
ti
o
n
s 
ex
tr
ac
to
r,
 w
e 
o
ri
g
in
al
ly
 g
o
t 
2
6
1
 
re
la
ti
o
n
s 
fr
o
m
 
1
2
3
3
 
se
n
te
n
ce
s;
 
co
rr
es
p
o
n
d
in
g
 
to
 
th
e 
2
1
%
. 
A
ss
u
m
in
g
 
(i
) 
a 
li
n
ea
r 
re
la
ti
o
n
 b
et
w
ee
n
 t
h
e 
n
u
m
b
er
 o
f 
th
e 
se
n
te
n
ce
s 
w
it
h
 C
U
Is
 f
o
r 
b
o
th
 (
su
b
je
ct
, 
o
b
je
ct
) 
an
d
 
th
e 
ab
st
ra
ct
 r
el
at
io
n
s 
re
tr
ie
v
ed
, 
an
d
 (
ii
) 
o
n
ly
 n
ew
 a
b
st
ra
ct
 r
el
at
io
n
s 
w
o
u
ld
 b
e 
re
tr
ie
v
ed
 
fr
o
m
 t
h
es
e 
3
3
9
 n
ew
 s
en
te
n
ce
s.
 T
h
en
 w
e 
w
o
u
ld
 b
e 
m
is
si
n
g
 a
b
o
u
t 
7
1
 n
ew
 r
el
at
io
n
s.
 I
n
 
re
la
ti
o
n
 t
o
 t
h
e 
to
ta
l 
th
is
 i
s 
st
il
l 
th
e 
2
0
%
. 
E
v
en
 w
h
en
 2
0
%
 s
ee
m
s 
to
 b
e 
lo
w
, 
it
 i
s 
im
p
o
rt
an
t 
to
 n
o
te
 t
h
at
 a
b
st
ra
ct
 r
el
at
io
n
s 
ac
tu
al
ly
 c
o
v
er
 m
o
re
 t
h
an
 o
n
e 
re
la
ti
o
n
 a
s 
a 
U
M
L
S
 s
em
an
ti
c 
ty
p
e 
ca
n
 b
e 
ap
p
li
ed
 t
o
 m
u
lt
ip
le
 C
U
Is
. 
5
9
4
 
D
is
cu
ss
io
n
 
A
rt
ic
le
s 
n
at
u
ra
ll
y
 
re
la
te
 
to
 
ea
ch
 
o
th
er
 
v
ia
 
ci
ta
ti
o
n
s;
 
ar
ti
cl
es
 
sh
ar
in
g
 
ci
ta
ti
o
n
s 
ar
e 
co
n
si
d
er
ed
 s
im
il
ar
 t
o
 s
o
m
e 
ex
te
n
t 
[2
].
 T
ex
t-
b
as
ed
 a
p
p
ro
ac
h
es
 s
u
ch
 a
s 
te
rm
 f
re
q
u
en
cy
-
in
v
er
se
 
d
o
cu
m
en
t 
fr
eq
u
en
cy
 
an
d
 
la
te
n
t 
se
m
an
ti
c 
an
al
y
si
s 
h
av
e 
al
so
 
b
ee
n
 
u
se
d
 
to
 
m
ea
su
re
 s
im
il
ar
it
y
 a
cr
o
ss
 d
o
cu
m
en
ts
 [
1
8
].
 I
n
 a
 s
im
il
ar
 v
ei
n
, 
cl
u
st
er
-b
as
ed
 a
p
p
ro
ac
h
es
 
h
av
e 
al
so
 b
ee
n
 e
x
p
lo
re
d
. 
F
o
r 
in
st
an
ce
, 
L
ew
is
 [
1
9
] 
g
ro
u
p
s 
re
la
te
d
 a
rt
ic
le
s 
b
y
 u
si
n
g
 a
 
k
ey
w
o
rd
-b
as
ed
 m
et
h
o
d
 f
o
ll
o
w
ed
 b
y
 a
 s
en
te
n
ce
-a
li
g
n
m
en
t 
al
g
o
ri
th
m
 t
h
at
 r
an
k
s 
an
d
 
o
rd
er
s 
th
e 
in
it
ia
l 
re
su
lt
s.
 S
im
il
ar
ly
, 
M
cS
y
B
i 
[2
0
] 
cl
u
st
er
s 
ar
ti
cl
es
 a
cc
o
rd
in
g
 t
o
 a
 s
et
 o
f 
to
p
ic
s;
 t
h
e 
in
fo
rm
at
io
n
 f
o
r 
th
e 
cr
ea
ti
o
n
 o
f 
to
p
ic
s 
is
 g
at
h
er
ed
 f
ro
m
 t
it
le
s 
an
d
 a
b
st
ra
ct
s.
 
D
if
fe
re
n
t 
fr
o
m
 L
ew
is
, 
M
cS
y
B
i 
en
ab
le
s 
th
e 
u
se
 o
f 
M
eS
H
 t
er
m
s 
o
r 
U
M
L
S
 s
em
an
ti
c 
ty
p
es
 i
n
 o
rd
er
 t
o
 m
o
d
if
y
 t
h
e 
cl
u
st
er
s 
so
 t
h
at
 u
se
rs
 c
an
 a
n
al
y
ze
 t
h
e 
d
at
a 
fr
o
m
 d
if
fe
re
n
t 
p
er
sp
ec
ti
v
es
. 
U
n
li
k
e 
th
es
e 
ap
p
ro
ac
h
es
, 
w
e 
ar
e 
w
o
rk
in
g
 w
it
h
 a
 s
em
an
ti
ca
ll
y
 a
n
n
o
ta
te
d
 d
at
as
et
 i
n
 
co
n
tr
as
t 
to
 p
la
in
 t
ex
t 
ar
ti
cl
es
. 
S
im
il
ar
 t
o
 M
cS
y
B
i,
 w
e 
u
se
 M
eS
H
 a
n
d
 U
M
L
S
 c
o
n
ce
p
ts
 
in
 o
rd
er
 t
o
 c
al
cu
la
te
 r
el
at
ed
n
es
s 
b
et
w
ee
n
 a
rt
ic
le
s,
 a
n
d
 e
x
p
lo
re
 o
n
 t
h
e 
o
p
p
o
rt
u
n
it
ie
s 
fr
o
m
 s
em
an
ti
c 
an
n
o
ta
ti
o
n
s 
o
f 
fu
ll
-t
ex
t 
d
o
cu
m
en
ts
. 
W
e 
ar
e 
re
p
o
rt
in
g
 c
o
n
n
ec
ti
o
n
s 
th
at
 
la
te
r 
co
u
ld
 
le
ad
 
to
 
a 
se
m
an
ti
c-
b
as
ed
 
si
m
il
ar
it
y
 
m
o
d
el
 
fo
r 
sc
ie
n
ti
fi
c 
p
u
b
li
ca
ti
o
n
s.
 
C
o
n
n
ec
ti
o
n
s 
b
as
ed
 
o
n
 
M
eS
H
 
co
n
ce
p
ts
 
w
er
e 
si
m
il
ar
 
in
 
b
o
th
 
ca
se
s,
 
B
io
te
a 
an
d
 
P
u
b
M
ed
. 
T
h
is
 i
n
d
ic
at
es
 t
h
at
 i
t 
is
 i
n
d
ee
d
 p
o
ss
ib
le
 t
o
 d
ef
in
e 
a 
se
m
an
ti
c
-b
as
ed
 a
p
p
ro
ac
h
 
to
 m
ea
su
re
 r
el
at
ed
n
es
s 
ac
ro
ss
 a
rt
ic
le
s.
 F
o
r 
o
u
r 
w
o
rk
in
g
 s
et
 w
e 
o
n
ly
 f
o
u
n
d
 c
o
n
n
ec
ti
o
n
s 
n
o
t 
in
fe
rr
ed
 
fr
o
m
 
P
u
b
M
ed
 
M
eS
H
 
an
n
o
ta
ti
o
n
s 
fo
r 
th
o
se
 
ar
ti
cl
es
 
w
it
h
o
u
t 
re
p
o
rt
ed
 
M
eS
H
 
co
n
ce
p
ts
. 
W
e 
ca
n
n
o
t 
co
n
cl
u
d
e 
y
et
 
w
h
et
h
er
 
se
m
an
ti
c 
re
la
te
d
n
es
s 
w
o
u
ld
 
b
e 
m
o
re
 o
r 
le
ss
 a
cc
u
ra
te
 t
h
an
 t
h
e 
re
la
te
d
n
es
s 
im
p
li
ci
t 
in
 t
h
e 
re
la
te
d
 a
rt
ic
le
s 
su
g
g
es
te
d
 i
n
 
P
u
b
M
ed
. 
H
o
w
ev
er
, 
th
e 
si
m
il
ar
it
ie
s 
in
 b
o
th
 g
ra
p
h
s 
ar
e 
a 
g
o
o
d
 s
ta
rt
in
g
 p
o
in
t 
to
 e
x
te
n
d
 
o
u
r 
re
la
te
d
n
es
s 
ap
p
ro
ac
h
 
to
 
m
o
re
 
sp
ec
if
ic
 
an
n
o
ta
ti
o
n
s 
th
at
 
co
u
ld
 
in
tr
o
d
u
ce
 
a 
d
if
fe
re
n
ce
; 
fo
r 
in
st
an
ce
, 
p
ro
te
in
s,
 
g
en
es
, 
d
is
ea
se
s,
 
d
ru
g
s,
 
am
o
n
g
 
o
th
er
s.
 
U
M
L
S
 
co
n
n
ec
ti
o
n
s 
g
ra
p
h
 a
ls
o
 e
x
h
ib
it
s 
si
m
il
ar
it
ie
s 
w
it
h
 t
h
o
se
 c
o
m
in
g
 f
ro
m
 M
eS
H
 t
er
m
s;
 
th
er
ef
o
re
, 
it
 s
ee
m
s 
fe
as
ib
le
 t
o
 u
se
 o
th
er
 v
o
ca
b
u
la
ri
es
, 
an
d
 c
o
m
b
in
in
g
 t
h
em
, 
in
 o
rd
er
 t
o
 
fi
n
d
 a
 s
im
il
ar
it
y
 m
ea
su
re
 b
et
w
ee
n
 a
rt
ic
le
s.
  
D
if
fe
re
n
t 
w
ay
s 
o
f 
n
ar
ro
w
in
g
 t
h
e 
in
it
ia
l 
co
n
n
ec
ti
o
n
s 
ar
e 
p
o
ss
ib
le
. 
F
o
r 
o
u
r 
sa
m
p
le
, 
th
e 
re
la
ti
o
n
-b
as
ed
 
fi
lt
er
 
ap
p
li
ed
 
to
 
th
e 
co
n
n
ec
ti
o
n
s 
d
id
 
n
o
t 
re
p
re
se
n
t 
a 
si
g
n
if
ic
an
t 
d
if
fe
re
n
ce
. 
H
o
w
ev
er
, 
it
 c
o
u
ld
 b
e 
im
p
ro
v
ed
 b
y
 u
si
n
g
 a
ls
o
 o
n
to
lo
g
ic
al
 r
el
at
io
n
s.
 E
v
en
 
th
o
u
g
h
 o
n
ly
 c
o
n
n
ec
ti
o
n
s 
to
 t
w
o
 a
rt
ic
le
s 
w
er
e 
ex
cl
u
d
ed
, 
w
e 
st
il
l 
co
n
si
d
er
 t
h
at
 t
h
is
 
fi
lt
er
in
g
 i
s 
a 
p
o
ss
ib
il
it
y
 w
o
rt
h
 e
x
p
lo
ri
n
g
 f
u
rt
h
er
. 
R
at
h
er
 t
h
an
 u
si
n
g
 t
h
e 
fi
lt
er
in
g
 o
n
ly
 
fo
r 
ex
cl
u
si
o
n
, 
it
 c
o
u
ld
 b
e 
al
so
 i
n
co
rp
o
ra
te
d
 i
n
 t
h
e 
re
la
te
d
n
es
s 
fo
rm
u
la
. 
A
lt
h
o
u
g
h
 w
e 
h
av
e 
ex
p
lo
re
d
 o
n
ly
 t
h
e 
co
n
n
ec
ti
o
n
s 
ac
ro
ss
 a
rt
ic
le
s,
 t
h
er
e 
ar
e 
o
th
er
 p
o
ss
ib
il
it
ie
s 
th
at
 
ca
n
 b
e 
b
u
il
t 
o
n
 t
o
p
 o
f 
se
m
an
ti
c 
d
at
as
et
 f
o
r 
sc
ie
n
ti
fi
c 
p
u
b
li
ca
ti
o
n
s 
as
 t
h
e 
o
n
e 
p
ro
v
id
ed
 
b
y
 B
io
te
a 
an
d
 t
h
e 
ex
te
n
si
o
n
 w
e 
p
ro
p
o
se
 i
n
 t
h
is
 p
ap
er
. 
In
 t
h
e 
b
io
m
ed
ic
al
 d
o
m
ai
n
, 
se
v
er
al
 a
u
th
o
rs
 h
av
e 
re
p
o
rt
ed
 d
if
fe
re
n
t 
m
et
h
o
d
s 
ai
m
in
g
 t
o
 f
in
d
 h
id
d
en
 r
el
at
io
n
s 
fr
o
m
 
se
m
an
ti
c 
an
n
o
ta
ti
o
n
s.
 
F
o
r 
in
st
an
ce
, 
fr
o
m
 
M
eS
H
 
te
rm
s 
it
 
is
 
p
o
ss
ib
le
 
to
 
id
en
ti
fy
 
p
at
te
rn
s 
th
at
 c
an
 b
e 
u
se
d
 t
o
 f
in
d
 c
an
d
id
at
es
 f
o
r 
n
ew
 a
ss
o
ci
at
io
n
s 
b
et
w
ee
n
 d
ru
g
s 
an
d
 
d
is
ea
se
s 
[2
1
].
 S
im
il
ar
ly
, 
re
co
g
n
iz
in
g
 G
en
e 
O
n
to
lo
g
y
 t
er
m
s 
co
-o
cc
u
rr
in
g
 w
it
h
 h
u
m
an
 
g
en
e 
ca
n
 b
e 
u
se
d
 t
o
 d
is
co
v
er
 p
o
ss
ib
le
 G
en
e 
O
n
to
lo
g
y
 a
n
n
o
ta
ti
o
n
s 
fo
r 
th
o
se
 g
en
es
 
[2
2
].
 A
ls
o
, 
th
e 
id
en
ti
fi
ca
ti
o
n
 o
f 
sh
ar
ed
 
an
n
o
ta
ti
o
n
s 
ac
ro
ss
 g
en
es
 c
an
 c
o
n
tr
ib
u
te
 t
o
 
id
en
ti
fy
 p
o
ss
ib
le
 r
el
at
io
n
sh
ip
s 
b
et
w
ee
n
 t
h
o
se
 g
en
es
 [
2
3
, 
2
4
].
  
 
6
0
5
 
C
o
n
cl
u
si
o
n
s 
a
n
d
 f
u
tu
re
 w
o
rk
 
W
e 
h
av
e 
ex
p
lo
re
d
 h
o
w
 a
rt
ic
le
s 
co
n
n
ec
t 
to
 e
ac
h
 o
th
er
 f
ro
m
 a
 s
em
an
ti
c 
p
er
sp
ec
ti
v
e.
 W
e 
h
av
e 
ev
al
u
at
ed
 
d
if
fe
re
n
t 
co
n
ce
p
t 
an
n
o
ta
ti
o
n
 
so
lu
ti
o
n
s 
o
n
 
fu
ll
 
te
x
t 
d
o
cu
m
en
ts
 
to
 
d
et
er
m
in
e 
to
 w
h
ic
h
 e
x
te
n
d
 r
el
at
ed
n
es
s 
ca
n
 b
e 
in
fe
rr
ed
 f
ro
m
 s
u
ch
 a
n
n
o
ta
ti
o
n
s.
 S
u
ch
 
re
la
te
d
n
es
s 
sh
o
u
ld
 f
ac
il
it
at
e 
to
 a
u
to
m
at
ic
al
ly
 a
n
d
 s
em
an
ti
ca
ll
y
 i
n
te
g
ra
te
 l
it
er
at
u
re
 i
n
to
 
an
 
in
fr
as
tr
u
ct
u
re
 
o
f 
in
te
rl
in
k
ed
 
d
at
a 
el
em
en
ts
. 
A
lt
h
o
u
g
h
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